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Objective To investigate the effects of asymptomatic back muscle weakness and spinal deformity on low back pain
(LBP).
Methods Sixty healthy subjects without LBP participated in this study. Radiography and an isokinetic/isometric
dynamometer were used to respectively measure spinal scoliosis/lordosis and the strength of the trunk flexors/
extensors. After 2 years, 48 subjects visited the hospital again and LBP episodes, its severity and the Korean version
of the Oswestry Disability Index were assessed. Differences between the group with LBP and the group without
LBP were evaluated and the association with LBP incidence and severity was determined.
Results Sex, age, and trunk strength were significantly different in both group. Sex and age were significantly
positive associated with LBP incidence. The isometric trunk flexor and extensor strength, maximum isokinetic
trunk flexor and extensor strength were significantly and negatively associated with the LBP severity. The
maximum isokinetic trunk extensor and maximum isometric trunk extensor strength was significantly negative
associated with the LBP incidence.
Conclusion LBP incidence is associated with isometric and isokinetic trunk extensor weakness, whereas LBP
severity is associated with age, sex, isokinetic trunk extensor and flexor weakness, isometric trunk extensor and
flexor weakness.
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Low back pain (LBP) is common in the general population, affecting 60% individuals at some point in their
lives, often causing appreciable disability [1]. Most episodes of back pain and associated symptoms resolve
within several weeks [2]. However, LBP is a recurrent and
chronic phenomenon, mostly associated with long-term
disability and consequently is a significant socioeconomic burden [3]. These facts indicate that current interventions are being introduced too late and are not effective
enough [4]. Early intervention before the first episode is
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the best method of prevention, but for this our understanding of the nature of LBP needs to improve.
The etiology of LBP and its natural course are important
issues which remain to be poorly understood. An underlying specific pathology cannot be identified in most patients seeking primary care and approximately 90% of all
low back problems are considered to have a non-specific
origin [5]. It is essential to improve our understanding of
its etiology and to analyze whether LBP has modifiable
risk factors to decrease incidence and severity of LBP.
Although many studies on the etiopathogenesis of LBP
exist, most of them have investigated the associations
of exercise and muscle strength with chronic LBP [6,7].
Moreover, only few prospective studies have been conducted in individuals with asymptomatic spinal deformity and weakened trunk muscles.
The aim of this pilot study was to investigate the effects
of asymptomatic back muscle weakness and spinal deformity on LBP incidence and the associations between
asymptomatic trunk muscle weakness and LBP severity.

age, gender, height and weight, and the body mass index
(BMI) was calculated as well.
Standing anteroposterior and lateral views of the lumbar
spine were obtained for the radiological evaluation. Then
we measured the lumbar spine scoliosis angle using the
Cobb angle method. We measured the lordosis angle between the upper border of L1 and the upper border of S1
on the lateral view radiographs. Scoliosis was considered
to be present when the Cobb angle was greater than 10° [8].
The strength test included two isometric tests and two
isokinetic tests. We used the Biodex System 4 (Biodex
Medical Systems, New York, NY, USA) dynamometer to
measure the torque of the trunk flexors and extensors (Fig.
2). Subjects were advised to wear comfortable, loosefitting clothing on the day of testing. Both thighs and
the back of subjects were fixed to the testing chair using
straps. The axis of the dynamometer was located on the

MATERIALS AND METHODS
We studied 60 healthy subjects without LBP (Fig. 1). The
study population was recruited via poster notice at our
hospital. All subjects provided written informed consent.
Inclusion criteria were as follows: age 20–75 years; no
previous history of spinal surgery and no history of lower
extremity fracture (stress or traumatic). Exclusion criteria
were as follows: subjects currently seeking medical care
for LBP, pregnancy, poor general health, radicular pain,
severe osteoporosis or severe psychological disturbances
or psychiatric disease.
The baseline questionnaire included questions about

Fig. 2. Trunk strength test using Biodex System 4.

Fig. 1. Study design. BMI, body
mass index; LBP, low back pain;
ODI, Oswestry Disability Index.
www.e-arm.org
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anterior superior iliac spine of the pelvis of the patient.
Maximal isometric strength was measured of trunk flexors and extensors. The peak torque of three force measurements was recorded, for this the subjects held each
contraction for 5 seconds. For the isokinetic strength test
patients were instructed to perform flexion and extension of the back with maximum effort three times at an
angular velocity of 120°/s. The peak torque was expressed
in Newton meter (N·m) and was normalized to the body
weight (N·m/kg×100%). Torque was proportional to power and the peak torque was the highest value within the
range of motion.
Two years later, a follow-up survey was conducted.
Forty-eight subjects visited the hospital again and answered questionnaires. These measures included the
number of pain episodes, pain intensity with a numerical
0–10 rating scale and the Korean version of the Oswestry
Low Back Pain Disability Questionnaire. The Korean version of the Oswestry Low Back Pain Disability Questionnaire was administered to every subject for measuring
the Oswestry Disability Index (ODI). The questionnaire
is a self-administered questionnaire divided into 10 sections designed to assess limitations of various activities of
daily living [9].
Statistical analyses were performed using SPSS ver. 12.0
for Windows (SPSS Inc., Chicago, IL, USA). Associations
were examined between sex, radiological abnormality
and LBP incidence using chi-squared tests. Independent
samples t-test was performed to analyze differences in
age, BMI, isokinetic and isometric trunk torque between
subjects with LBP and subjects without LBP. Associations
were determined with correlation analyses between pain
incidence and sex, age, BMI, isokinetic trunk torque,
and isometric torque. A partial correlation analysis was
developed in order to control the effect of sex and age.
Variables with significant correlations with each were
included in the multivariate model. The statistical significance level was fixed at 0.05.

RESULTS
There were 20 males and 28 females and 12 subjects
were lost to follow-up. Of those responding to the surveys, 29 of the 48 subjects reported at least one episode of
LBP at the 2-year follow-up (mean±standard deviation,
1.6±0.7) and there was no trauma history. The mean age
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was 56.93±17.94 years (range, 22–72 years) in the group
without LBP and 45.63±14.84 years (range, 23–75 years)
in the group with LBP; the ratio of men to women was
11:8 in the group without LBP and 6:23 in the group with
LBP. The mean ODI was 5.0 (0–20). The mean Cobb angle
of lumbar lordosis was 43.1°±11.1° in the group without
LBP and 48.1°±11.1° in the group with LBP. The mean
Cobb angle of lumbar scoliosis was 3.2°±3.0° in the group
without LBP and 3.9°±3.5° in the group with LBP.
Sex and age were significantly different in both groups.
Maximum isometric trunk flexor and extensor strength
were significantly different. Also, maximum isokinetic
trunk flexor and extensor strength were both significantly
different. There were no significant differences of lumbar
lordosis, scoliosis, and BMI between both groups (Tables 1, 2).
Sex and age were significantly and positively associated
with LBP incidence (r=0.38, p<0.01 and r=0.32, p<0.05,
respectively). After control of sex and age, maximum
isometric trunk flexor and extensor strength, maximum
isokinetic trunk flexor and extensor strength were significantly and negatively associated with LBP severity.
The maximum isokinetic trunk extensor and maximum
isometric trunk extensor strength were significantly and
negatively associated with the incidence of LBP (Table 3).

DISCUSSION
In the prospective part of the study, the LBP incidence
was found to be significantly and negatively associated

Table 1. Sex, scoliosis, and lordosis of subject
Group
Group
2
Variable
c
without LBP with LBP
Sex
6.947
Male
11 (57.9)
6 (20.7)
Female
8 (42.1)
23 (79.3)
Scoliosis
0.052
(-)
18 (94.7)
27 (93.1)
(+)
1 (5.3)
2 (6.9)
Lordosis
0.202
(-)
13 (68.4)
18 (62.1)
(+)
6 (31.6)
11 (37.9)
Values are presented as numbers (%).
LBP, low back pain.
*p<0.05 by chi-squared test.

p-value
0.008*

0.819

0.653
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Table 2. Characteristics of subjects
Variable
Group without LBP
Group with LBP
t
p-value
Age (yr)
45.63±14.84
56.93±17.94
-2.280
0.027*
2
BMI (kg/m )
23.96±3.35
24.24±3.13
-0.291
0.772
IMFa) (%)
158.26±53.46
102.35±58.77
3.338
0.002*
a)
IME (%)
275.00±68.19
182.37±68.81
4.577
0.000*
IKFa) (%)
177.75±41.71
118.81±61.42
3.660
0.001*
a)
IKE (%)
237.23±77.60
135.73±81.82
4.288
0.000*
Pain episode
0.00±0.00
1.55±0.74
-11.352
0.000*
Pain intensity (NRS)
0.00±0.00
3.10±2.16
-7.736
0.000*
ODI
0.58±0.90
7.86±5.31
-5.902
0.000*
Values are presented as mean±standard deviation.
LBP, low back pain; BMI, body mass index; IMF, isometric flexor; IME, isometric extensor; IKR, isokinetic flexor; IKE,
isokinetic extensor; NRS, numeric rating scale; ODI, Oswestry Disability Index.
a)
Average peak torque/body weight.
*p<0.05 by independent samples t-test.
Table 3. Partial correlation analysis
Control
Variable
Pain
VAS
ODI
IMF
IME
IKEa)
IKFa)
Sex, Age
Pain
r
1
p
NRS
r
0.603
1
p
0.000***
ODI
r
0.609
0.694
1
p
0.000***
0
a)
IMF
r
-0.140
-0.335
-0.394
1
p
0.359
0.025*
0.007**
IMEa)
r
-0.412
-0.314
-0.353
0.489
1
p
0.005**
0.036*
0.017*
0.001**
IKEa)
r
-0.387
-0.370
-0.490
0.611
0.659
1
p
0.009**
0.012*
0.001**
0.000***
0.000***
IKFa)
r
-0.241
-0.378
-0.396
0.771
0.308
0.670
1
p
0.110
0.010*
0.007**
0.000***
0.040*
0.000***
Pain, pain episode; VAS, visual analog scale; ODI, Oswestry Disability Index; IMF, isometric flexor; IME, isometric extensor; IKR, isokinetic flexor; IKE, isokinetic extensor; NRS, numeric rating scale (pain intensity).
a)
Average peak torque/body weight (%).
*p<0.05, **p<0.01, ***p<0.001 by partial correlation analysis.
with age, sex, maximum isokinetic trunk extensor and
maximum isometric trunk extensor strength, and the
LBP severity was significantly and negatively associated
with the maximum isometric trunk flexor and extensor
strength, maximum isokinetic trunk flexor and extensor strength. BMI and lumbar spinal deformities had no
association with LBP incidence and severity. The most
interesting finding in this study was a strong association

between paraspinal muscle strength and LBP incidence.
Some strengths of this study were the recruitment of a
cohort of subjects without a previous history of LBP and
the measurement of the paraspinal muscle strength.
There are some longitudinal prospective studies about
the development of LBP [10-13]. These studies were conducted for 10 to 24 months. Likewise, we collected the
data over a period of 2 years.
www.e-arm.org
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Several risk factors are associated with LBP. As it was
shown here, the association between age and LBP was
also reported in several other studies [14]. Modern living
increases the tendency to have a more sedentary lifestyle
that involves prolonged periods of sitting [15]. The disadvantages from prolonged sitting include increased intradiscal load and weakened posterior lumbar structures
[16,17]. Previous research suggested that the prolonged
sitting could be a risk factor for the development of LBP
[18]. In addition, increasing age results in degenerative
changes in the spine.
Persistent overweight has been associated with disc
degeneration upon magnetic resonance imaging studies
[19]. A study has reported that the reported prevalence
of LBP was 22% among 5,724 obese adults aged over 60
years with a linear correlation between LBP and BMI [20].
However, the present study results show no significant
association between BMI and LBP incidence. This may
be probably because the subjects in the present study
were not severely obese. Moreover, BMI does not provide
any information about body composition and might be
influenced by muscle mass and fat tissue.
The prevalence of back pain in scoliotic adults is no
greater than that in the population at large [21], and the
severity of LBP (intensity and duration) in scoliotic patients was no greater than that in control patients [22].
Similarly, lumbar lordosis and scoliosis were not associated with LBP incidence or severity in the present study.
The relationship between LBP incidence and the decrease of trunk muscle strength was widely studied, but
there is no study about the different effect of isometric
and isokinetic strength of trunk muscles. A decreased
isometric strength of trunk extensors was associated with
LBP occurrence [23].
The paraspinal muscles of the back support the spine
and maintain its stability and they consist of the multifidus and the erector spinae. The multifidus is attached to
the spine at every segment to provide stability. Moreover,
the multifidus muscle sectional areas have been well
correlated with isometric peak torque in all directions
of movements [24]. The erector spinae mostly acts as a
trunk extensor [25]. The results of this study suggest that
the weakened isometric and isokinetic trunk extensors
may be related to the LBP incidence and we assumed that
the LBP incidence may be related to multifidus and erector spinae muscles.
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The goal of prevention is to decrease the overall number of LBP episodes experienced by a certain population.
Effective strategies for preventing LBP remain elusive.
Back schools, lumbar supports and ergonomic interventions have limited evidence regarding prevention [5,26].
Previous study suggested that lumbar stabilization exercises that strengthen the multifidus muscles decrease
LBP incidence and recurrence [27]. Exercise for LBP has
focused on lumbar stabilization and core strengthening [28].
Some limitations should be considered. First, only
small numbers of patients were included and they were
recruited from one hospital only. Because of those limitations, the patients may not adequately represent the
general population. Therefore further studies must be
conducted to validate our results. Second, there is no
structural evaluation of paraspinal muscles and we could
not analyze the effect of muscle or fat tissue composition
on LBP. Third, the LBP episodes were dependent on the
memory of subjects and the time of occurrence and duration of LBP was not assessed. Last, this study did not address occupation, lifestyle and psychosocial factors. This
is relevant because other studies have shown a significant
association between tobacco consumption and LBP as
well as intervertebral disc herniation [29]. Moreover, LBP
were reported to be more frequent among married or divorced employees [11]. Thus, future studies should also
consider social and occupational factors.
In conclusion, this study was a pilot study which evaluated the risk factor for nonspecific LBP. Our results
indicate that an incidence of LBP is associated with isometric and isokinetic trunk extensor weakness and LBP
severity is associated with isokinetic trunk extensor and
flexor weakness and isometric trunk extensor and flexor
weakness. Paraspinal muscle weakness in asymptomatic
subjects can lead to an increase of LBP incidence and
severity. Age and sex are not modifiable risk factors, but
the strength of the trunk muscles is modifiable and can
be improved by exercise of the paraspinal muscles. Thus,
early strengthening exercises of the paraspinal muscles
are necessary to decrease the LBP incidences and severity.
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